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ABSTRACT: 
 
The great strength of electrostatic forces makes liquids charge neutral at all 
length scales larger than the Debye length which is typically between 1 and 10 
nm for typical electrolytes. Therefore, charge separation takes place only in thin 
interfacial layers and the electrostatic force, like other surface forces (e.g.   
surface tension) scales with the area rather than the volume of the liquid mass. 
Therefore, electrostatic interactions start to play an important role in 
hydrodynamics only at small length scales, typically at 100 microns or less. For 
example, electrostatic forces can actually drive a fluid flow: electro-osmotic flow 
that has important practical applications in microfluidics. Electrophoresis, the 
electric field driven motion of charged macromolecules and colloidal particles  in 
an aqueous medium, is at the heart of DNA sequencing technologies. The 
Brownian dynamics of charged polymers in ionic fluids determine how the 
machinery of biological systems functions at the cellular and sub-cellular levels. 
In this talk I will first develop the mathematical tools for describing such small 
scale electrically driven fluid flows and then illustrate with some modern 
applications in biotechnology. 
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